Background: specialized studies on hepatitis B virus (HBV) infection and B-NHL (B-cell Non-Hodgkin's Lymphoma) are limited, as well as prophylactic antiviral therapy for B-NHL patients with HBV infection who are receiving anticancer chemotherapy. This study aims to investigate the association between HBV infection and B-NHL, and to evaluate the effect of prophylactic antiviral therapy for HBV-infected B-NHL patients. Study design: A retrospective, case-control study was performed. The study group included 420 patients with B-NHL who were consecutively diagnosed from May 2003 to October 2013 (age range, 14 -71 years), and the control group included 1280 Chinese residents in Guangxi who participated in the Health Survey (age range, 18 -74 years). We compared the prevalence rate of HBV infection and clinic-pathologic characteristics between the two groups. The prevalence rate of HBV infection in our study was 34.7% (146/420), higher than the prevalence rate of 13.9% (178/1280) in the general population (P < 0.001). Among 146 B-NHL patients who received anticancer chemotherapy, 104 patients (71.2%) received prophylactic antiviral therapy. Conclusion: This study provides evidence that HBV may play an important role in development of B-NHL. Entecavir maybe the better antiviral drugs than Lamivudine, and antiviral therapy is maintained more than 6 months that maybe the optimal duration of prophylactic antiviral therapy. But further investigation should be conducted for determination of optimal duration and monitoring of antiviral therapy.
Introduction
Hepatitis B virus (HBV) was discovered in 1966 [1] , which infected 350 million people worldwide [2] . It leads to 340,000 liver cancer cases and 500,000 to 1.2 million liver-related deaths each year [2] [3] . China is one of the endemic areas of chronic HBV infection, HBV infection is a common disease, and there are approximately 170 million carriers in China [4] . The incidence of Non-Hodgkin's Lymphoma is increasing rapidly in China, with an annual rise of 1% to 4% [5] . At present, NHL ranks the 11th most common cancer [6] .
Notably, a number of studies have suggested that chronic HBV infection may act as an etiologic factor in NHL [7] - [10] . Hepatitis B virus (HBV) and hepatitis C virus (HCV) are hepatotropic viruses, they can replicate in lymphoid cell [11] [12] . Previous studies have demonstrated an association between hepatitis C virus (HCV) infection and B-NHL [13] [14] . It has also been proposed that hepatitis B virus (HBV) may be an etiologic agent of Non-Hodgkin's Lymphoma (NHL) [15] - [17] , but relatively few studies have investigated the association between HBV infection and B-NHL.
As far as our information goes, in hematologic malignancy, such as NHL and leukemia, anticancer systemic chemotherapy can induce HBV replication and reactivation of hepatitis B, which may lead to hepatitis flare and even hepatic failure [18] - [21] . Some studies have indicated that Lamivudine can reduce the incidence of HBV reactivation [22] . Therefore, prophylactic antiviral therapy has been recommended before or at initiation of chemotherapy for all HBsAg-positive NHL patients undergoing systemic chemotherapy [23] , but evidence from controlled trials of this prophylactic antiviral therapy is limited [24] .
The aim of this study is to discuss the association between HBV infection and B-NHL using a case-control design, on the other hand, we want to evaluate the optimal duration and monitoring of antiviral therapy against HBV for HBsAg-positive B-NHL patients who have undergone anti-cancer chemotherapy.
Materials and Methods

Patients
There are 2 patient groups in this case-control study, one study group and one control group. Among 431 patients who were diagnosed with B-NHL.
At Guangxi Guigang People's Hospital, China, from May 2003 to October 2013, patients were required to have histological confirmed B-NHL. 11 patients who were not tested for HBV surface antigen (HBsAg) were excluded. Therefore, 420 B-NHL patients were included in the case group (B-NHL group). A total of 1280 Patients in the control group were chosen randomly from among individuals who participated in the Health Survey were diagnosed with non-hematologic malignancy and non-primary liver cancer (Figure 1 ). Patients were regarded as chronic HBV carriers if it was positive for HBsAg for at least 6 months. The type and stage of B-NHL were diagnosed basing on the World Health Organization (WHO)/Revised European-American Lymphoma classification system. All patients provided written, informed consent to have a test for HBV infection at their first visit.
Methods
Subjects were enrolled by using the clinical data ware system of the hospital. We adopted a retrospective, casecontrol design to investigate the association between HBV and B-NHL. All of the patients were tested for antibody against HBsAg (anti-HBs), anti-HBs and serum ALT level, Serum HBV DNA level was detected using the Branched DNA detection method. Among the 146 patients were treated with curative intent using CHOP-based (cyclophosphamide, doxorubucin, vincristine and prednisolone) regimens, except 5 patients were treated with curative intent using hyper CVAD. Retrospective analysis of electronic medical records was executed for appraisal of the application rate and the effect of prophylactic antiviral therapy for HBsAg-positive B-NHL patients who received chemotherapy. HBV reactivation was defined as increased viral replication of at least 10-fold from that of the baseline level. Hepatitis flare was defined as a greater than 3-fold increase of serum ALT level that exceeded 100 IU/L. HBV-related hepatitis flare was defined as hepatitis flare due to HBV reactivation [25] - [27] .
The dose of prophylactic antiviral therapy was using Lamivudine 100 mg or Entecavir 0.5 mg once daily. Patients treated with prophylactic Entecavir divide into 3 groups (prophylactic antiviral therapy continued for a further 3 or 6 or more than 6 months beyond the date of completion of chemotherapy). How to use prophylactic antiviral therapy was depended on each clinician. 
Statistics
Our study expressed data as the median and range or mean as appropriate. Comparison of HBsAg prevalence between the B-NHL group and the control group was presented, comparative analyses of clinicopathologic characteristics between the two groups were performed using the t test or chi-squared test for continuous or categorical variables respectively. The Statistical Program for Social Science (SPSS 17.0 for windows; SPSS Inc., Chicago, IL, USA) was used in performance of all statistical analyses, and p-value less than 0.05 was considered significant.
Results
In the study group, there were 420 Patients in B-NHL group and 1280 Patients in the control group, which including 178 patients with HBsAg-positive. All of 420 patients were diagnosed with B-NHL, 146 patients were positive for HBsAg. The prevalence of HBV infection in the B-NHL group was higher than in the general population (34.7% vs. 13.9%, P < 0.001), in sex group, prevalence was statistically higher in patients with B-NHL than in the general population (P < 0.001) ( Table 1) . There was no Statistical differences for HBsAg-positive patients between the B-NHL group presented and the general population (p = 0.08) ( Table 2) .
Among the 146 HBsAg-positive B-NHL patients, 104 patients underwent anticancer chemotherapy, and 52 patients (67.2%) received prophylactic antiviral therapy with Lamivudine and 52 patients used Entecavir. The remaining 42 patients who had not received prophylactic antiviral therapy, 42 patients without prophylactic antiviral therapy were treated with curative intent using CHOP-based (cyclophosphamide, doxorubucin, vincristine and prednisolone) regimens, during anticancer chemotherapy; there was 22 occurrence of hepatitis, including HBV-related hepatitis in 21 patients and Interrupt of planned chemotherapy in 7 patients. 104 patients with prophylactic antiviral therapy, the group using Lamivudine there are 12 occurrence of hepatitis, including HBV- Liver cirrhosis 1 0 related hepatitis in 10 patients and Interrupt of planned chemotherapy in 2 patients, in another group of using Entecavir there are 2 occurrence of hepatitis, including HBV-related hepatitis in 1 patients and interrupt of planned chemotherapy in 0 patient. By receiving prophylactic antiviral therapy may reduce the incidence of hepatitis especially using Entecavir (P < 0.001) ( Table 3) . During prophylactic antiviral therapy, Patients treated with prophylactic Entecavir divide into 3 groups (prophylactic antiviral therapy continued for a further 3 or 6 or more 6 months beyond the date of completion of chemotherapy), antiviral therapy was maintained for more than 6 months maybe the optimal duration of prophylactic antiviral therapy (P < 0.001) ( Table 4 ).
Discussion
The main finding of the our study was that the prevalence of hepatitis B infection in B-NHL patients was significantly higher than that in the control group, suggesting a significant role of HBV infection in B-NHL. Moreover, prophylactic antiviral therapy was administered to all of the chronic HBV-infected B-NHL patients receiving cancer chemotherapy. By using antiviral therapy (Lamivudine and Entecavir), the occurrence of hepatitis flare might be significantly reduced than no antiviral therapy (23.1% VS 3.85% VS 52.4%, P < 0.001) ( Table 3) . More importantly, disruption to planned chemotherapy was dramatically reduced (3.85% VS 16.7%). It should be noted that Entecavir for prophylactic antiviral therapy might reduce the incidence of hepatitis; the difference in length of time led to different results, using Entecavir for antiviral therapy by more than 6 months might reduce the occurrence of hepatitis flare than 6 or 3 months ( Table 4) . Table 4 . Entecavir prophylaxis 3 months vs. Entecavir prophylaxis 6 and more than 6monthins in HBV-infected patients receiving chemotherapy. Several case-control studies had shown that chronic HBV infection increased the risk for development of B-NHL; these results were compatible with those of our study [28] [29] . Moreover, some studies showed that high HBV prevalence was observed not only in B-cell NHL but also in the T-cell NHL group. Kang et al. in Korea demonstrated an association of HBV infection with B-cell NHL by using a study design similar to ours [30] [31] . But previous studies had not found a significant association between HBV infection and B-cell NHL, so in this study, we only discussed association between HBV infection and B-NHL.
Compare with the association between hepatitis C viruses (HCV) and B-NHL, studies of the mechanism link-ing HBV to B-NHL induction had been limited. As far as our information goes, HBV could bind to peripheral blood mononuclear cells (PBMCs) via the pre S1 protein, compared with T cells, B lymphocytes and monocytes were found to bind viral particles more efficiently [25] [32]. Which had been confirmed in animal models that HBV DNA integration in PBMCs and hepatocytes was demonstrated in HBV carriers and anti-HBc only positive individuals [25] [33] [34] ? HBV genes were transcribed in PBMCs in vivo, and then viral replication and transcription in PBMCs [35] , so the lymphoid system was an important reservoir of HBV [36] . By the analogy with HBV, antigenic stimulation or polyclonal activation may promote chronic B cell proliferation, direct infection of HBV and the oncogenic role of integrated HBV DNA in B-lymphoid cells that may be the major mechanisms. Further study in this field should be warranted [25] . Hepatitis B virus reactivation during chemotherapy increased risks of liver-related morbidity and mortality [37] - [40] . Therefore, recent guidelines recommend routine testing for HBsAg before anti-cancer chemotherapy; HBsAg-positive patients should acceptance prophylactic antiviral therapy for prevention of HBV reactivation [25] [41]. Li et al. reported a threefold decrease in the incidence of hepatitis and significantly less disruption to chemotherapy, compared to a historical control group of 116 HBV-infected patients not treated with prophylactic Lamivudine [31] . Similarly, in another case-control study, HBV reactivation occurred in none of the 16 patients who received prophylactic Lamivudine, whereas seven of 19 patients in the control group experienced HBV reactivation [31] [39] . As well as our study had showed that, all B-NHL patients were screened for HBsAg before initiation of treatment, and all HBV-infected B-NHL patients received prophylactic antiviral therapy, using Lamivudine, before or at initiation of anti-cancer chemotherapy. Our results showed that there was 12 occurrence of hepatitis flare during antiviral therapy by using Lamivudine but 2 in the group of using Entecavir. after withdrawal of antiviral drug in Three months, by using Entecavir, about half of the patients developed hepatitis flare, in prophylactic therapy 6 or More than 6 months, there were not withdrawal hepatitis. Our results were compatible with previous studies [25] [31]. Baseline high HBV DNA level or presence of HBeAg and underlying liver cirrhosis were predictive factors for hepatitis flare [31] [42] . In this study, antiviral therapy was maintained for 3 or 6 months after finish cytotoxic chemotherapy, for 6 months was according to the American guidelines [43] . Recently, European guidelines have recommended maintenance of prophylactic antiviral therapy for 12 months after completion of systemic chemotherapy [44] , while Korean Association recommends 3 months of maintenance of antiviral drug [45] . This study suggested maintenance of prophylactic antiviral therapy for at least 6 months after completion of chemotherapy. Because of the probability of Lamivudine resistance, further studies should be warranted on the optimal duration of prophylactic antiviral therapy and selection of the optimal antiviral drug [31] , Entecavir maybe one of the better drug than Lamivudine in our study. Although in HBsAg-positive DLBCL patients undergoing R-CHOP chemotherapy, Entecavir is more effective than Lamivudine in preventing hepatitis B reactivation, however, it is not yet widely used in Asia, In China, At present, two important classes of antiviral drugs are available for treatment of CHB: interferons (IFNs) and nucleos(t)ide analogs (NAs). The available NAs include Entecavir (ETV), Lamivudine (LAM), adefovir dipivoxil (ADV), and telbivudine (LDT), all of them are recommended as first-line anti-HBV therapies (Chinese Society of Hepatology and Chinese Society of Infectious Diseases, 2011). However, the selection of treatments with a high barrier to resistance is not always possible in China. Thus, antiviral resistance and suboptimal virological responses have begun to emerge as important challenges for clinicians due to poor patient compliance, the pharmacologic properties of the particular drug(s), and individual genetic variations occurring during NA therapy, also because of cost.
Several limitations should be mentioned in our study, we included a single center, retrospective design, and we frequently omitted monitoring of HBV DNA level among HBV carrier patients receiving anticancer chemotherapy for B-NHL. Our study demonstrated occurrence of HBV reactivation and hepatitis flare in isolated anti-HBc positive patients. But most of the HBsAg negative B-NHL patients did not undergo testing for anti-HBc or HBV DNA, which precluded analysis of HBV reactivation in the setting of occult HBV infection.
In conclusion, this is a case-control study on the association between HBV infection and B-cell Non-Hodgkin's Lymphoma; HBV may play a pathogenic role in development of B-NHL. Prophylactic antiviral therapy was administered during chemotherapy to almost all of the B-NHL patients with HBV infection showing good response to antiviral therapy, and Entecavir maybe the better the better drug than Lamivudine for prophylactic antiviral therapy. Our findings warrant further investigation, including the determination of optimal duration and monitoring of prophylactic antiviral therapy is warranted.
